Abstract Do gender and age affect knee arthroplasty outcomes? In a cohort of patients who underwent primary or revision TKA between 1996 and 2004 and responded to a followup questionnaire 2 and 5 years after arthroplasty, we investigated the impact of gender and age on the prevalence of moderate or severe post-TKA knee pain (primary TKA: 2 years, 5290; 5 years, 2602; revision TKA: 2 years, 1109; 5 years, 505). Moderate-severe pain was higher in women than men after primary TKA at 2 and 5 years (9% versus 6.6% and 7.9% versus 6.5%) and postrevision TKA at 2 and 5 years (28.6% versus 22% and 28.9% versus 18.3%). More women compared to men and fewer patients between 61 and 70 years (versus patients B 60) had moderate-severe pain 2 years after primary TKA adjusting for gender, age, and preoperative pain severity. In the post-revision TKA group, the odds of moderate-severe pain were lower in patients older than 80 years (versus those B 60) at 2 years and higher in patients with moderate-severe preoperative pain at 2 and 5 years postoperatively, after adjustment for gender, age, and preoperative pain severity. We conclude female gender, younger age, and worse preoperative pain predict greater risk of moderate-severe pain postoperatively in patients with primary and revision TKA.
Introduction
Do gender and age affect knee arthroplasty outcomes? With the recent introduction of gender-specific implants, a debate has emerged about whether these implants have potential benefit. Proponents of gender-specific implants cite differences in joint anatomy as their rationale, while critics ask for evidence of differences in outcomes [2] . If women indeed have worse outcomes with standard TKA implants compared to men, and if the differences can be attributed to implant design, this might suggest a potential benefit to gender-based alterations in surgical technique or implant design.
The current data regarding gender are contradictory. The 2003 NIH consensus statement concluded age or gender One of the authors (DL) has received royalties/speaker fees from Zimmer, Inc, Warsaw, IN; has been a paid consultant to Zimmer, Inc; has received institutional research funds from DePuy Orthopaedics, Inc, Warsaw, IN; Stryker Orthopaedics, Mahway, NJ; and Zimmer, Inc; and has received grant support by the NIH CTSA Award 1 KL2 RR024151-01 (Mayo Clinic Center for Clinical and Translational Research) and the Department of Orthopedics, Mayo Clinic School of Medicine, Rochester, MN. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
were not strongly associated with short-term functional outcomes as assessed by the WOMAC, SF-36, or Knee Society score (KSS) [14] . In three small prospective studies of under 300 patients each, neither age nor gender was associated with any difference in prevalence of substantial pain up to 6 months [9] or up to 12 months [3] or with higher WOMAC pain at 6 months post-TKA [7] . On the contrary, a multinational randomized study of 860 TKA patients reported worse pain in women on the WOMAC pain scale at 1 and 2 years post-TKA, but no age differences [11] .
The data regarding the effect of age on patient-reported outcomes are also somewhat contradictory. While some studies report better outcomes in older patients [5, 6] , others have reported similar outcomes in all age groups [3, 7, 9, 18] . In a community-based study of 257 patients undergoing TKA, age was not a determinant of WOMAC pain scores at 6 months after TKA [9] . Another study reported older patients have better outcomes [12] . Whether a better outcome in older patients is due to less demand on the replaced joint or different level of expectation of outcomes compared to younger patients is unclear.
Recent debates have focused on whether gender and age differences exist in pain outcomes of patients undergoing knee arthroplasty. We examined whether gender, age, and preoperative pain severity influenced the 2-and 5-year pain outcomes of primary TKA and revision TKA.
Materials and Methods
We retrospectively reviewed the records of all patients who underwent primary or revision TKA during the calendar years 1996 to 2004 at the Mayo Clinic and had responded to the pain questionnaire by mail, by phone, or in the clinic during followup at 2 or 5 years (Tables 1, 2 ). The Mayo Clinic Joint Registry [15, 16] has collected prospective data on implant survival and outcomes since 1969 for all patients who underwent joint arthroplasty at the Mayo Clinic and since 1993 had captured patient-reported pain severity in the operated knee. Detailed demographic and underlying diagnoses for the primary and revision TKA cohorts were recorded (Tables 1, 2 ). Eligibility criteria included being alive at 2-or 5-year followup and absence of revision for primary TKA or rerevision for revision TKA. For 2-year followup, 5290 of 7770 eligible patients with primary TKA and 1109 of 1813 eligible patients with revision TKA responded to the questionnaire; for 5-year followup, 2602 of 4647 eligible patients with primary TKA and 505 of the 966 eligible patients with revision TKA responded to the questionnaire (Tables 1, 2 ). The response rates were higher for 2-year followup (68% and 61%) than for 5-year follow-up (56% and 52%) for primary and revision TKA, respectively. Nonresponders were more likely to be female (odds ratio, 1.10-1.49) and 60 years old or younger (odds ratio, 1.08-1.58). The primary TKA cohorts (2-and 5-year followup) had a mean age of 68 years (standard deviation (SD), 9.5-10.1 years); 56% were women and 44% were men. The underlying diagnosis was osteoarthritis in 94% to 95%, rheumatoid arthritis in 3% to 4%, avascular necrosis in 1%, and other diagnoses in 1%. The revision TKA cohorts (2-and 5-year followup) had a mean age of 69 years (SD, 10 years); 47% to 50% were women and 50% to 53% were men. The underlying diagnosis was loosening/wear in 51% to 56%, dislocation/ instability/fracture in 20% to 23%, failure of previous surgery in 18% to 19%, osteolysis in 4% to 5%, and infection in 1% to 2%.
As a part of routine clinical followup, all patients are contacted via mail at 2 and 5 years after knee arthroplasty. The pain question is similar to the pain question in the American Knee Society (AKS) questionnaire: ''Do you have pain in the knee in which the joint was replaced? (Please make only one answer).'' The responses were ''no pain,'' ''mild (occasional),'' ''stairs only,'' ''walking and stairs,'' ''moderate (occasional),'' ''moderate (continuous),'' and ''severe.'' For the purposes of the analyses, we combined the two moderate and the severe pain categories for the ''moderate-severe'' category. The categories of no or mild pain (which constituted the vast majority of the patients, as expected) was the reference category. Because there was no specification of pain severity for two response categories, ie, pain with ''stairs only'' or ''walking and stairs'' responses, these were set to missing (\ 5% of total responses). We obtained patient gender, age, and the preoperative pain severity (assessed by the same pain question as above) for each patient from the registry. The outcome of interest was the prevalence of moderatesevere pain at the 2-and 5-year followup visits. The main predictor of interest was gender, with men as the reference category. Covariates included age categorized as 60 years and younger (reference category), between 60 and 70 years, between 70 and 80 years, and older than 80 years and preoperative pain categorized as moderate-severe pain or no/mild pain (reference category), categorized similar to outcome of interest.
We compared women to men, various age groups, and preoperative pain severity groups for the prevalence of postoperative moderate-severe pain at each followup. For unadjusted logistic regression analyses, we compared the odds of moderate-severe postoperative pain with each covariate, gender, age, and preoperative pain categories. We examined the association of gender and age with moderate-severe postoperative knee pain at 2 and 5 years after primary and revision TKA by performing multivariable logistic regression models that adjusted for gender, age, and preoperative pain simultaneously. Odds ratios with 95% confidence intervals are presented, with odds ratios of more than one indicating a higher risk of moderate-severe pain in the respective category. Analyses were performed using SAS 1 Version 9.0 (SAS Institute, Cary, NC).
Results
Approximately 36% and 37% more women than men had moderate-severe pain 2 and 5 years after primary TKA, respectively (Tables 3, 4) . After adjustment for preoperative 
pain level and age differences, women were more likely to report moderate-severe pain at 2 years (p = 0.04), but not at 5 years (p = 0.42); and patients 61 to 70 years old had lower odds of reporting moderate-severe pain 2 years post-primary TKA compared to those at most 60 years old (p = 0.002). Age or preoperative pain severity were not associated with moderate-severe pain at the 5-year followup.
Female gender was associated with 41% and 82% higher odds of moderate-severe pain at 2 (p = 0.02) and 5 years (p = 0.009) post-revision TKA, respectively, in univariate analyses. These differences were no longer significant after adjusting for age and preoperative pain severity (p = 0.23 and p = 0.30, respectively) ( Tables 5, 6 ). Patients older than 80 years were less likely than patients 60 years and younger to report moderate-severe pain at 2 years postrevision TKA (p = 0.03), after adjusting for gender and preoperative pain severity. Presence of moderate-severe preoperative pain severity was a predictor of moderatesevere pain at both 2 and 5 years after revision TKA, in univariate (p = 0.002; p = 0.003) as well as multivariable (p = 0.004; p \ 0.001) analyses. The odds ratios ranged from 2.6 at 2 years to 5.4 to 5.8 at 5 years.
Discussion
The current literature provides contradictory conclusions as to whether gender influences the outcomes of TKA [3, 7, 9, 11, 14] . We therefore asked whether gender, age, and preoperative pain are associated with the prevalence of moderate-severe pain after knee arthroplasty. Specifically, we assessed whether these factors influenced the 2-and 5-year pain outcomes after primary and revision TKA. Our study has the limitations of an observational study in that residual confounding factors cannot be ruled out. However, performing a randomized study with large sample size and long followup to examine these associations would be difficult, and therefore these outcomes can only be practically studied with a retrospective/prospective cohort design similar to our study. Nonresponse bias and single study center limits the generalizability of study findings; however, these data come from one of the largest volume joint arthroplasty centers. Nonresponders were more likely to be female and to be 60 years or younger and because both factors were associated with worse outcome, this biased our study toward null. This implies the estimates provided here are conservative and could have been more impressive had the full cohort of TKA patients responded to the questionnaire. These findings require replication in other large datasets of patients followed prospectively. Longer-term outcome studies focused on these groups are needed. The confounding effect of previous trauma and previous surgery could not be studied in this dataset due to the lack of complete information. Although not population-based in the true sense, our study has the advantage of including patients from a large multispecialty group who were followed as part of regular clinical surveillance.
Our data provide estimates of moderate-severe index joint pain up to 5 years postoperatively by gender and age for a large group of patients who participated in prospective clinical surveillance. These observational data are hypothesis-generating and should not be overinterpreted. Only two previous studies examining gender/age effects had sample sizes greater than 500 and study duration longer than 2 years [5, 11] (Table 7) . The prevalence of moderate-severe pain after primary TKA in our study is similar to recent studies reporting a 5-year prevalence of 7% to 13% at 1 year [3, 5] but lower than studies from 1987 to 1994 reporting 22% at 7 years [13] and 51% at 1 year [4] (pain C 3 on 0-10 visual analog scale). This suggests these outcomes may be improving over time. Our finding that women were 45% more likely to report moderate-severe pain 2 years after primary TKA, after adjusting for age and preoperative pain severity differences, is novel and adds to the current knowledge. This is a somewhat larger difference than the 1-to 2-point difference in KSS pain scores by gender (women with more pain than men) reported by Ritter et al. [17] during 5-year followup post-primary TKA in a large sample with a slightly different patient population (osteoarthritis versus all causes for TKA). Both studies adjusted for important covariates and had a similar age and gender mix. Randomized trials (as opposed to population-based studies) have reported either worse pain in women versus men [11] or no gender differences [5] , while nonrandomized prospective studies of smaller sample sizes and shorter duration [3, 6, 7, 9, 18] reported no gender differences (possible Type II error due to small sample size). Fewer patients 61 to 70 years old (compared to B 60 years) had moderate-severe pain 2 years post-primary TKA, similar to studies 1 year [6] and 5 years [5] in duration, but in contrast to those reporting no age-related differences at 6 months to 2 years followup [3, 7, 9, 18] . Possible explanations include higher pain tolerance in older patients or more peripheral neuropathy and less scar formation with less stiffness in older patients, leading to less pain. Recent reviews have summarized predictors/factors associated with persistent post-TKA pain in general [8] and for complex regional pain syndrome [1, 19] . Residual confounding, adjustment for different sets of variables, different assessments of pain, and different age categorizations for analyses may explain differing study results. We found no published studies investigating the prevalence of moderate-severe pain during intermediate-term followup of revision TKA to compare to our reported prevalence of 18% to 22% in men and 29% in women. Better pain outcomes were reported in those older than 80 years in the revision TKA category; we are not aware of any population-based studies that have reported these outcomes for this age category. In patients undergoing revision TKA, the predictors of moderate-severe pain are different from those for primary TKA, ie, preoperative pain severity is a consistently a strong risk factor for 2-and 5-year risk of moderate-severe pain post-revision TKA. Revision TKA patients with moderate-severe preoperative pain were three to six times as likely to report moderatesevere pain during followup compared to patients with lesser severity of preoperative pain. A less strong association has been reported for patients after primary TKA [6, 9, 11, 18] , and our study extends this to 2-and 5-year outcomes in patients with revision TKA. Clearly, more research is needed in this area to identify reasons for poorer outcomes in younger patients and to devise interventions for modifiable factors.
Female gender predicted worse pain outcomes at 2 years in patients with primary TKA. Younger age was a risk factor for poorer outcomes in primary and revision TKA at 2 years. Poorer preoperative pain scores predicted postoperative pain severity at 2-and 5-year followup in patients with revision TKA. These gender differences/odds may be considered small or huge depending on the perspective. If replicated in other large US datasets, with an average yearly volume of 450,000 TKAs in the United States [10] , a 2.3% higher prevalence in women equals 5400 more women than men with moderate-severe pain after primary TKA in a given year. This would be considered meaningful by policy makers, epidemiologists, and many practicing surgeons. These findings suggest certain patient and clinical characteristics are associated with worse pain outcomes and may help us identify at-risk patients.
